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Abstract
The present study is an examination of the effects of cerebral 
organization and mood on subjects' ratings of tachistoscopicatly 
presented facial stimuli. There were three presentation types; unilateral 
right, unilateral left, and bilateral presentation. Unilateral presentations 
consisted of one face to the right or to the left of center fixation. Bilateral 
presentations consisted of two faces presented simultaneously, one to 
the right and one to the left of center fixation. Subjects were asked to 
rate the extent to which they liked each face on a seven point scale. 
Predictions were based on a neuropsychological model of emotion 
(Heller 1990) in which dynamic patterns of cerebral activity result in 
various affective experiences. The hypotheses were that faces 
presented unilaterally would be rated differentially by visual field of 
presentation (i.e. faces presented on unilateral right trials would be rated 
as more positive than faces presented on unilateral left trials), whereas 
faces presented bilaterally would not be rated differentially by visual 
field of presentation. In addition, we examined the effects of mood state 
on subjects' ratings of the stimuli. We had no hypotheses as to what 
extent mood might affect subjects' ratings. Results were in the direction 
predicted for left hemisphere active males (as measured using the Levy 
Chimeric Faces Task). The importance of delineating the role of 
individual differences in characteristic hemispheric activation is 
discussed in the context of emotion research.
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ICerebral Organization and Mood
The Effects of Cerebral Organization and Mood 
On Subjects' Ratings of Facial Stimuli 
Many factors contribute to the phenomenon of emotion. For ex­
ample, there is a cognitive aspect of emotion (Lazarus, 1982 & 1984) 
which involves evaluating incoming information and labeling ones affec­
tive experience (Lane & Schwartz, 1987). There is also a biological as­
pect to emotion (Kelly & Stinus, 1984) which is demonstrated by an ex­
amination of the literature on the heritability of affective disorders 
(Clayton, Marten, Davis, & Wochnik, 1980, Mendlewicz, Verbanck, 
Linkowski, & Wilmotte, 1987). One way of indexing the biological com­
ponent of emotion is to measure the physiology associated with various 
emotional experiences. Numerous studies utilizing electroencephalo- 
graphic (Fox & Davidson, 1986, 1987, & 1988). cerebral blood flow 
(see Qur & Gur, 1984 for review), and electro dermal activity data 
(Mysolbodsky & Horesh, 1978) have demonstrated correlations 
between physiological changes and the experience of emotion. Despite 
the preponderance of data in these domains, few attempts have been 
made to produce a theory that ties the various components of emotion 
together.
The obvious place to turn is to the brain. Since the brain is where 
all incoming information is ultimately processed, it is the perfect place to 
look for an integrative theory of emotion. Many neuropsychological 
studies have pointed in the direction of cerebral organization as a major 
contributing factor to emotion and mood states (Heller & Levy, 1981,
2Henriques & Davidson, 1990, Schaffer, Davidson, & Sharon. 1983). 
However, the data are inconsistent and there are differing schools of 
thought as to how the brain is organized in respect to emotion. For 
example. Heller (1990) has proposed that dynamic patterns of brain acti­
vation contribute to the emotional experience, whereas others propose 
that inherent affective biases of the frontal lobes are responsible for the 
experience of an emotion.
At this point, it is important to differentiate between two important 
concepts related to emotion. These are the experience of an emotion 
(Hmriques & Davidson, 1991, Tucker, Stenslie, Roth, Steve, &
Shearer, 1981, see also Campbell, 1982) and the processing of 
incoming emotional information (Borod, St. Clair, Koff, & Alpert, 1990, 
Berent, 1977). When studying emotion, researchers tend to examine 
these phenomenon separately. Examinations of the experience of emo­
tion indicate that the two hemispheres tend to be differentially activated 
depending on the emotional valence (positive or negative) (Davidson & 
Fox, 1989, Schaffer, Davidson, & Saron, 1983). Data from studies 
examining the processing of emotional information indicate right 
hemispheric specialization. It is important to note that although these two 
concepts are not the same, they do co-occur and may influence each 
other. Therefore, it is important to study these phenomenon together, in 
order to delineate the effects that various aspects of emotion have on 
each other. For the purposes of this review, I will begin by examining 
each phenomenon separately. In later sections. I will attempt to integrate
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these phenomena utilizing an integrative model of emotion. I will begin 
with a discussion on the processing of emotional information.
Processing Emotional Information:
Many researchers have attempted to differentiate between the 
functions of the two hemispheres. The data indicate that the left hemi­
sphere is specialized for analytical and verbal functions, whereas the 
right hemisphere is specialized for spatial functions (Ley & Bryden.
1982, Strauss & Moscovitch, 1981, Davidson. Taylor & Saron, 1979. 
Coffey, 1987) and multimodal stimulus integration (Semrud-Clikeman & 
Hynd, 1990). Since the right hemisphere is specialized for these two 
functions, it is the ideal hemisphere for processing emotional information, 
which involves spatial abilities as well as multimodal integration (e.g.. 
recognition of an emotion based on what is being said, tone of voice, 
and facial expression) (Borod, Koff, Lorch, & Nicholas, 1986, Ahren et 
al., 1991, McLaren & Bryson, 1987, see also Borod, 1992). In fact, 
there is evidence to this effect. Converging evidence in favor of right 
hemispheric superiority for processing emotional information comes from 
laboratory research on normals, electroconvulsive shock therapy, 
epileptic patients, and brain-damaged patients.
In laboratory studies utilizing a normal population to study emo­
tion, the most common method of studying laterality is tachistoscopic 
presentation of emotional stimuli to the two hemifields. Due to the neural 
organization of the optic pathways, information from the right visual field 
projects to the left hemisphere and vice versa. This is not to say that in-
4terhemispheric transfer does not occur Rather, direct input to one hemi­
sphere is precluded by input to the hemisphere connected by neural 
pathways to the stimulated visual field. Utilizing this methodology, re­
searchers have inferred hemispheric specialization based on visual field 
superiority for various tasks.
McLaren and Bryson (1987) utilized this methodology by tachisto- 
scopically presenting a series of two faces, one neutral and one 
expressing emotion. Each member of these pairs of faces were 
simultaneously presented to opposite hemifields. During the first 
session, subjects were asked to respond to the face that made them feel 
better, and at a second session, to the face that made them feel worse, 
thus encouraging the subject to pay attention to the emotion itself. A 
response was made by pressing the appropriate computer key. using the 
finger corresponding to the side of the selected stimuli. Performance 
was faster and more accurate when the emotional face was presented to 
the left visual field-right hemisphere (LVF-RH) and the neutral face to the 
right visual field-left hemisphere (RVF-LH), suggesting a right 
hemisphere superiority for processing emotional information.
Levy, Heller, Banich, and Burton (1983a) tachistoscopicalfy pre­
sented chimeric faces to subjects. Tne chimeric stimuli consisted of 
facial composites in which half of the face is smiling and half is not. 
Subjects viewed both the normal and mirror-image of the same 
composite and were asked which of these faces was happier. Right- 
handed subjects showed a LVF-RH advantage for perceiving emotion
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by rating faces as happier when the smiling half-face was in the LVF 
(Heller & Levy, 1981). This effect is equally strong when the faces are 
presented in free vision. The authors concluded that attentir al biases 
had been produced from activation of the specialized hemisphere, thus 
yielding a leftward bias in free vision (Levy. Heller. Bamch, & Burton. 
1983b).
Further support for right hemispheric specialization for processing 
affect-laden stimuli comes from another tachistoscopic experiment. 
Utilizing a memory/non-memory paradigm, Strauss and Moscovitch 
(1981) presented a pair of faces, differing in either identity or expression, 
to the right or left hemifield. Subjects either compared the faces to each 
other (non-memory task), or to a previously presented target (memory 
task). Subjects were asked to decide if the faces were the same as each 
other (or the target) or not. A LVF-RH advantage was found for both the 
recognition of faces and the identification of facial expression. In a slight 
variation of this experiment, Suberi and McKeever (1977) first asked 
subjects to memorize target fac s (either emotional or neutral). Next, 
subjects viewed a set of faces presented unilaterally, and were asked to 
decide if each face was the same as a target or not. There was an 
Overall superiority for LVF-RH reaction times that was more apparent in 
subjects whose target was emotional than for those whose target was 
neutral. This is interesting given that the right hemisphere is believed to 
be specialized for processing facial stimuli. Since many studies on 
emotion utilize faces as emotional stimuli, it presents a problem in
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proving that a right hemisphere advantage is not just due to the right 
hemisphere's ability to process facial stimuli better than the left 
hemisphere. This study suggests that the right hemisphere's ability to 
process emotional information is distinct from its ability to process faces. 
The possibility exists that the right hemisphere advantage is due the fact 
that faces with expressions are more interesting than neutral faces. 
However, this is unlikely given the converging evidence involving 
clinical populations to be discussed below. Therefore, there seems to 
be a dissociation between processing facial stimuli and emotional 
stimuli.
The dichotic listening paradigm has also been used in research 
settings to examine the processing ot emotional information. Most of 
these studies uncover a right hemispheric superiority for the processing 
of emotional information. For example, Bryden and MacRae (1989) 
found a left ear-right hemisphere advantage for discriminating emotional 
tone. Subjects heard two different words spoken with different emotional 
intonations. They were told to listen for either a target word or a target 
emotional tone, in the target word condition, there was a right ear-left 
hemisphere advantage. In the emotional intonation condition, there was 
a left ear- right hemisphere advantage.
Electroconvulsive (ECT) Shock Therapy research has led to 
interesting findings consistent with the literature involving a normal 
population. In a study involving women receiving unilateral ECT to 
either the right or left hemisphere, Berent (1977) asked them to perform
Cerebral Organization and Mood
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two tasks, a face recognition task and an expression recognition task. 
Both tasks were completed pre- and post-treatment. Following both ECT 
conditions, patients were able to recognize faces. However, errors in 
recognition of expressions were more prevalent following left ECT (right 
hemisphere hypoactivation compared to left). This decrement in 
performance was due to the hypoactivation of the hemisphere 
specialized for the task.
Sodium amytal, which deactivates the injected hemisphere, has 
been used to examine the relationship between hemispheric activation 
and the ability to process emotional information. In patients with epilepsy 
who were given sodium amytal in preparation for surgery (Ahren et 
al.. 1991), deactivation of the non-dominant hemisphere (in most cases 
the right hemisphere) led to patients perceiving facial emotion as less 
intense compared to pre-test. This was attributed to the fact that the 
hemisphere specialized for processing emotion had been deactivated.
Many studies involving brain-damaged populations have exam­
ined deficits in the ability to process incoming emotional information, and 
its relation to the site of the brain lesion. Results have been consistent 
with research in other domains. For example, commisurotomized pa­
tients have been found to have trouble matching descriptive words to 
emotional faces (Gazzaniga. Risse, Springer. Clark, & Wilson, 1975). 
Although it can be argued that this is an interhemispheric transfer deficit, 
it is consistent with the idea that the two hemispheres are differentiated in 
their ability to process emotional information.
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Patients with right brain damage have been found to make more 
errors in the identification of facial expressions compared to left brain­
damaged patients (Etcoff, 1984a). In another study, Etcoff (1984b) repli­
cated these results and in addition, assessed whether it was an attention 
deficit causing the problems in identification of facial expressions, or a 
true emotional deficit. Patients were asked to sort photographs by iden­
tity and expression. In addition, they were asked to sort geometric 
figures based on various stimulus attributes. Though right brain­
damaged patients were impaired on attending to differences in facial 
identity and expression, they were able to attend to differences in 
geometric shapes, suggesting a deficit in the processing of emotional 
information. Similarly, Borod, Koff, Lorch, and Nicholas (1986) found 
right brain-damaged patients to be impaired not only on the perception of 
facial emotion, but also in the expression of facial emotion compared to 
left brain-damaged patients and controls.
Kukilov and Sidorova (1985) asked patients with either right or left 
organic brain lesions and controls to identify both facial expressions and 
the emotional state of a reader reading a set of sentences with various 
intonations. Normals identified expressions and intonations the best, 
followed by patients with left lesions. Patients with right brain damage 
demonstrated the poorest discrimination, suggesting that an intact right 
hemisphere is necessary to process emotional information.
Cerebral Organization and Mood
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The Experience ot Emotion:
Valence
The evidence reviewed thus far suggests a right hemisphere su­
periority for the processing of emotional information. This is not to say 
that the left hemisphere has no contribution to the phenomenon of emo­
tion. On the contrary, the left hemisphere appears to be as active as the 
right when it comes to the experiential aspect of emotion. Theoretically, 
the experience of an emotion is the result of two psychological dimen­
sions; arousal and valence (Winton, Putnam, & Krauss, 1984). Arousal 
is an attention-interest dimension and is dependent on the relative 
activity levels of the posterior lobes (Heller, 1990). I will discuss arousal 
in greater detail in a later section. Valence is the pleasantness- 
evaluation dimension of an emotion. The valence of an emotion seems 
to be dependent upon the relative activity of the frontal lobes (Heller, 
1990). However, many researchers have concluded that the two 
hemispheres are inherently biased in their valence (Burton & Levy, 
1989, Davidson, Mednick, Moss, Saron. & Schaffer. 1987. Fox & 
Davidson, 1988, 1986, Henriques & Davidson. 1990, 1991). An 
abundance of evidence supporting the idea that the hemispheres are 
differentially active in experiencing emotion comes from a variety of 
populations including tachistoscopic research on normals, brain­
damaged patients, and clinically depressed patients. An alternative 
explanation of these results will be given in a later section.
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Natale, Gur, and Gur (1983) report a series of experiments testing 
hemispheric asymmetries in normals. In one study, subjects were asked 
to rate emotional faces presented to one hemifield or another. Specifi­
cally, they were asked to report verbally whether the expression was 
positive or negative. Left visual field-right hemisphere presentations 
were consistently rated more negatively than RVF-LH presentations. In 
another experiment using chimeric faces, in which the two halves of the 
face expressed either the same or opposite emotions, both sad and 
happy expressions were judged as more positive when presented to the 
RVF-LH. Similarly, Davidson, Medmck, Moss, Saron, and Schaffer 
(1987) found that faces presented to the RVF-LH were rated as happier 
than the same face when presented to the LVF-RH. Likewise, when 
subjects were asked to pick from two faces, (one expressing an emotion 
and one neutral), which face expressed an emotion, reaction times were 
faster on LVF-RH presentations when the expression was sad. When 
the expression was happy, reaction times were faster on RVF-LH 
presentations (Reuter-Lorenz & Davidson, 1981). The evidence from 
these tachistoscopic studies has been interpreted by many researchers 
as indicating that the left hemisphere mediates positive emotional 
experiences whereas the right hemisphere mediates negative emotional 
experiences.
In an unusual study, Schiff and Lamon (1989) found that subjects 
felt sad after unilateral contraction of the left side of the face, whereas 
after right contractions, they reported feeling "smug" and "up” Since the
Cerebral Organization and Mood
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right hemisphere controls the left half of the face and vice versa, this 
would be evidence supporting the differential contribution of the two 
hemispheres to the mediation of valence. Unfortunately, these results 
have not been substantiated. In a failed replication (Kop, Merckelbach, 
& Muris, 1991), negative ratings of cartoons followed contractions of the 
side of the face that the subject found most difficult to perform, rather than 
a clear cut case of one hemisphere being more or less positively biased 
than the other.
There are problems with the literature on normals. For instance, it 
may be that task demands are more sensitive to one hemisphere, yield­
ing a bias toward that hemisphere (e.g. verbal versus spatial tasks) (see 
Bryson, McLaren, Wadden, & MacLean. 1991). Bryson et al. (1991) 
found that asymmetries in the stimuli may also produce laterality effects. 
Additionally, it is impossible to discriminate the particular areas of each 
hemisphere which are contributing to the biases in valence found in 
such research. Despite these problems, the data on normals are 
consistent with other literature.
Research studying mood changes following brain damage have 
been especially helpful in the study of cerebral organization and its rela­
tion to the experience of an emotion. Mood changes are quite common 
following brain damage, though different mood changes are associated 
with damage to each hemisphere. For example, Starkstein et al. (1989) 
examined 27 patients with left hemisphere post-stroke lesions and 93 
with right hemisphere post-stroke lesions. Of those with right hemisphere
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lesions. 46 out of 93 showed no mood changes, 19 were unusually 
cheer ful and only 17 developed major depression. All of the 27 patients 
with left hemisphere lesions experienced major depression Similarly. 
Lipsey et al. (1983) found patients with left anterior brain damage to be 
significantly more depressed than brain-injured patients without such 
damage. Furthermore, severity of depression was directly correlated 
with proximity of the lesion to the frontal pole. Based on the research just 
described, researchers have inferred that the two hemispheres are 
differentially biased in regards to valence Specifically, it has been 
concluded that the right frontal lobe mediates negative valence and the 
left frontal lobe mediates positive valence. Based on this conclusion, it 
follows that lesions to the right frontal lobe would cause positive affect to 
prevail.
In an attempt to further uncover the cerebral mechanisms produc­
ing emotional experiences, researchers have turned to the clinically de­
pressed as subjects. Based on this work, researchers have noted rela­
tive right hemispheric activity in depressed patients compared to nor­
mals. Using a psychological correlate of emotion (electrodermal activity 
[EDA]), Mysolbodsky and Horesh (1978) had depressed and normal 
subjects complete a task of visual imagery (neutral and emotional), a 
verbal task (using neutral and emotional words), and a tone habituation 
task. In all conditions, depressed subjects exhibited a left-handed in­
crease in EDA compared to non-depressed subjects, who were differen­
tiated according to task. In the non-depressed subjects, increased right-
Cerebral Organization and Mood
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handed EDA was associated with the verbal and tone tasks, whereas 
increased left-handed EDA was associated with the visual task. The left- 
handed increase in EDA for depressed patients suggests that they were 
indeed experiencing relative right-hemispheric activation. This 
implicates right hemisphere involvement in the experience of negative 
emotion (e.g. depression).
Electroconvulsive Shock Therapy research has produced 
interesting results in regards to hemispheric differentiation for positive 
and negative affect. In a meta-analysis of the efficacy of unilateral non- 
doniinant ECT (usually the right hemisphere) versus bilateral ECT, both 
were found to be equally effective (Janicak et al., 1985). In an actual 
study using ECT as an independent variable and alleviation of 
depression as the dependent variable. Cohen, Penick, and Tarter 
(1974) found right unilateral ECT to be superior at alleviation of 
depression to left unilateral, bilateral, and a no ECT control condition 
(although this last result was not significant). In addition, Kronfol, 
Hamsher, Digre, and Waziri (1978) looked at nine depressed patients 
receiving left (dominant) ECT and nine matched patients receiving right 
(non*dominant) ECT. Pre-ECT neuropsychological testing revealed 
right hemisphere functioning to be impaired compared to left. Right 
hemisphere functioning improved following ECT to either the right or left 
hemisphere, but only if depression also improved, indicating a relation 
between the right hemisphere and negative affect.
14
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Research utilizing electroencephalographs (EEG) measures 
have been of particular importance in uncovering the specific areas of 
each hemisphere related to positive or negative emotional e pi ience.
In an experiment in which subjects were asked to rate the degree of 
emotion induced by film clips, a correlation was found between resting 
brain asymmetry and their response. In particular, increased relative 
right activation was associated with a more negative response to 
negative films. Relative left activation was associated with increased 
difference between positive and negative ratings (Tomarken, Davidson, 
& Henriques, 1990). In an EEG study involving mood suggestion to 
induce either a depressed or euphoric state into normal subjects, the 
data revealed greater right frontal activation in the depressed compared 
to the euphoric condition ( Tucker, Stensile, Roth. Steve, & Shearer. 
1981).
Infant displays of emotion have been subjected to EEG analysis 
and have produced data consistent with other research. Using ten 
month old infants, Davidson and Fox (1982) recorded EEG as the infants 
watched a videotape of an actress generating either a happy or sad ex­
pression. Greater relative left frontal activation was apparent during 
happy epochs compared to sad. In a similar paradigm. EEG was 
recorded from ten month old infants during mother approach, mother 
reach, mother leave and stranger approach conditions. Compared to 
mother approach, there was an increase in left frontal activation during 
the mother reach condition. During maternal separation, infants who
I 5
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cried had more relative right activation on baseline data compared to 
non criers (Fox & Davidson, 1987). Davidson and Fox (1989) 
replicated the finding that resting frontal brain asymmetry predicts 
infants' response to maternal separation,
In a similar paradigm as above, facial signs of emotion were 
recorded during stranger approach, mother approach and maternal sep­
aration (Fox & Davidson. 1988). EEG was also recorded during the 
displays of emotion. When both anger and sadness were expressed 
(negative valence emotions), relative right-sided activation was associ­
ated with crying whereas left-sided activation was associated with no 
crying. Signs of joy (positive valence emotions) were associated with 
relative left activation.
Using newborn humans, Fox and Davidson (1986) recorded 
changes in brain electrical activity in response to different tastes (water, 
sucrose solution, and citric acid solution). The water was associated 
with greater relative right activation compared to the sucrose condition 
(which had greater relative left frontal activation), In response to the 
citric acid condition, little hemispheric difference occurred. A possible 
reason for the lack of asymmetry on the critic acid condition may be a 
carry over of positive affect from the sucrose solution, which was always 
given immediately before the citric acid solution.
Davidson and Fox (1982) (Fox & Davidson, 1988, 1987) have at­
tributed the foregoing results to an approach-withdrawal hypothesis 
(Davidson. Ekman. Saron, Senulis, & Friesen, 1990). According to this
Cerebral Organization and Mood
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view, relative right frontal activation is associated with a withdrawal re­
sponse whereas relative left frontal activation is associated with an ap­
proach response.
Much has been learned about brain asymmetry by studying EEQ 
of depressed patients and comparing it to EEG of other populations 
(Schaffer. Davidson, & Saron 1983. Jaeger, Borod, & Peselow. 1987, 
Bruder et at.. 1989). Resting frontal but not parietal activity has been 
'ound to discriminate between depressed and matched non depressed 
persons (Schaffer, Davidson, & Saron. 1983 and Henriques &
Davidson. 1991) Depressed subjects show relative right frontal 
activation whereas non-depressed suDjects show relative left frontal 
activation. When studying previously depressed patients compared to 
controls, there are differential asymmetries between these two groups as 
well Previously depressed sublets show relative right frontal and left 
posterior activation compared to controls There were no emotional state 
differences between the two groups when the baseline data was 
recorded (Henriques & Davidson, 1990). The authors interpreted the 
results as an indication that brain asymmetries may be stable traits. In 
addition, these asymmetries may predict vulnerability to depression. In 
other words, people who display resting relative right frontal activation 
may be at higher risk for depression.
Applying EEG measurement to a different paradigm, happy, sad, 
and neutral faces were presented unilaterally and foveally to depressed 
and non-depressed subjects. Non-depressed and depressed subjects
I 7
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exhibited differential patterns of brain asymmetries in response to the 
faces. The two groups showed similar parietal asymmetries; activation of 
the parietal region opposite to the visual field stimulated. As for frontal 
activation, depressed patients displayed a negative correlation between 
frontal and parietal EEG asymmetries, whereas non-depressed patients 
showed a positive correlation between the two regions. Subjects were 
also asked to rate their affective valence in response to the stimuli. Non- 
depressed subjects reported more happiness in response to RVF-LH 
presentations. Depressed subjects displayed the opposite effect 
(Davidson. Schaffer, & Saron, 1985).
Utilizing a unique paradigm, Heller (1986) asked normal children 
to draw a picture that made them feel either happy or sad. Important 
content in the "sad" pictures was found to be placed to the left of impor­
tant content in the "happy" and control (draw anything) pictures. This 
was interpreted as reflecting relative right hemispheric activation in the 
"sad" condition compared to the "happy" and control conditions.
Because of this activation, attentional biases were directed toward the 
side of space opposite activation. For example, in the "sad" condition, 
attentional biases were directed to the left side of space due to right- 
hemispheric activation.
Arousal
Recall that there are two dimensions to the experience of an emo­
tion; valence and arousal. Unfortunately, arousal is extremely underrep­
resented in the neuropsychological literature. The following is a brief
I 8
discussion on the biological and chemical bases of arousal based on re­
search from normal, brain-damaged, and depressed populations.
Arousal evidence shows, is linked to the right hemisphere, 
specifically the temporo-parietal region. On the Chimeric Faces Task 
(found to reflect individual differences in hemispheric activation), most 
normal subjects show a leftward bias. This has been interpreted as 
reflecting right hemisphere arousal (Levy. Heller, Banich, & Burton, 
1983a. Levine, Banich. & Koch -Wesser. 1984). It has also been 
proposed that the right hemisphere can mediate the arousal of both the 
left and right hemispheres, whereas the left hemisphere can only 
mediate its own arousal (see Otto, Yeo & Sougher.1987 for review). For 
example, when normals are given warning signals to either hemisphere 
before a stimulus projected unilaterally, they react more quickly to 
presentations in both visual fields after a right hemisphere warning than 
after a left hemisphere warning (Heilman & Van Den Abell, 1979). 
Comparing patients with unilateral right or left brain damage to normals 
on a visual cancellation task (verbal and nonverbal), right brain­
damaged patients were found to omit targets in both visual fields 
(Caplan, 1985). LaDavas, Del Pesce, and Provenciali (1989) 
compared patients with temporal or parietal brain damage to either the 
right or left hemisphere on a tachistoscope task. Subjects were asked to 
focus on a central fixation point. They were told to press a response bar 
whenever the letter "X" appeared in either the right or left visual fields or 
foveally Patients with parietal damage were found to be impaired on
Cerebral Organization and Mood
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shifting visual attention in the direction contralateral tc the lesion within 
visual fields, and from ipsilateral to contralateral visual fields. For both of 
these attentional deficits, right parietal lesions were associated with the 
most severe deficit. If the right parietal region is the "seat" of arousal, it 
follows that it would likely mediate such an orienting mechanism.
Tucker and Williamson (1984) suggested that the chemical mech­
anism of arousal and such an orienting mechanism is norepinephrine. 
Norepinephrine projects throughout the brain. However, it is highly as­
sociated with right hemisphere functioning. They argue that there is a 
negative reciprocal relation between the right and left hemispheres. 
Tucker and Williamson propose that the left hemisphere acts under a re­
dundancy bias which allows it to routinize situations. Conversely, the 
right hemisphere acts under a habituation bias which allows it to orient 
and attend to novel situations until habituation occurs. The two systems 
interact in a way that allows us to attend to novel situations and then 
move on. In other words, when the right hemisphere arousal mechanism 
is active, attention and orientation occur.
For example, hypoarousai has often been described in depressed 
patients (see Jaeger, Borod, & Peselow, 1987). Furthermore, if the right 
parietal region does in fact mediate arousal, then depressed patients 
should exhibit hypoactivation of the right parietal region. This is indeed 
the case. Patients with melancholia and normal controls were given a 
battery of neuropsychological tests to assess hemispheric functioning. 
Compared to the control group, subjects with melancholia exhibited right
Cerebral Organization and Mood
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parietal impairment (Abrams & Taylor, 1987). In a related study using 
regional cerebral blood flow as an index of cerebral metabolism and ac­
tivity, patients with major depression were found to exhibit right posterior 
hypovascularization (Uytdenhoef et al.,1983). In a study utilizing 
positron emission tomography (PET) to study glucose utilization, Post et 
al. (1987) found affectively ill patients exhibited reduced glucose 
maximum utilization in the right temporal region, indicating 
hypoactivation in the posterior region. Indeed, these data support the 
idea that the right posterior regions do in fact mediate arousal.
An Integrative Neuropsychological Model of Emotion:
Thus far I have discussed in great detail the processing of emo­
tional information and two aspects of the experience of an emotion. His­
torically, researchers, as I have done thus far. only discuss these emo­
tional phenomena separately. However, an integrative 
neuropsychological model of emotion involving both valence and 
arousal, while at the same time taking into consideration the processing 
of emotional information, has been proposed (Heller, 1990). It is unique 
in that it is an attempt to integrate the psychological dimensions and the 
information processing of emotion into a comprehensive theory of 
cerebral organization. This model is two-dimensional, the dimensions 
being arousal and valence. It is based on dynamic patterns of cerebral 
activation and the asymmetries associated with these two dimensions.
From the data reviewed in previous sections, it became apparent 
that the frontal lobes contribute selectively to emotional valence. It also
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became clear that the right parietal lobe is involved in the mediation of 
arousal. In essence, when the right frontal region is active relative to the 
left negative signs of emotion occur. When the left frontal region is 
active relative to the right, positive signs of emotion occur. In regards to 
arousal, relative right parietal activation leads to arousal, whereas rela­
tive left parietal activation leads to hypoarousal.
As an example, depression is associated with negative valence 
and low arousal. According to the cerebral organization model, this re­
flects right frontal hyperactivation and right parietal hypoactivation (see 
figure 1). As for happy mood states, they are associated with positive 
valence and high arousal. In keeping with the model, this would reflect 
left frontal hyperactivation and left parietal hypoactivation (see figure 2). 
In addition, the right hemisphere has an overall superiority in processing 
emotional information.
As it turns out, there is evidence consistent with this proposal. In 
the case of depression, if there is hypoarousal of the right parietal 
region, we would expect deficits in functioning on tasks that depend on 
the right parietal area. This appears to be the case. Depressed patients 
show disturbances on perceptual tasks involving visuo-spatial stimuli (a 
right parietal task) (see Jaeger, Borod, & Peselow,1987). In terms of the 
frontal lobes, I have already cited evidence which shows that right 
frontal hyperactivation is reflected by negative signs of emotion and 
even depression (Henriques & Davidson, 1991, 1990. Davidson & Fox. 
1989). It is important to note that although there is relative right
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hemispheric activation compared to the non-depressed population, the 
right hemisphere is still ultimately responsible for processing the 
incoming emotional information in both populations (McLaren & Bryson. 
1987 Borod 1992).
To use the happy mood state as an example, persons in such 
states typically appear to be aroused. Consistent with the idea that acti­
vation of the right parietal region should lead to normal functioning on a 
right parietal task, there seem to be no cognitive deficits of the right pari 
etal region in non-depressed persons (assuming there is no brain dam­
age) (Tucker. Stenslie. Roth, Steve, & Shearer, 1981). Evidence has al 
ready been cited that shows that the left frontal lobe judges affective 
stimuli as more positive than the right frontal lobe (Natale, Gur & Gur, 
1983, Davidson, Medmck. Moss, Saron. & Schaffer, 1987). In conjunc­
tion with the EEG data from infants that implied that babies who did not 
cry in response to maternal separation had relative left activation 
(Davidson & Fox ,1989), these data support the idea that positive mood 
states are indeed associated with left frontal and right parietal activation.
If this model is accurate concerning cerebral organization in de­
pressed and non-depressed persons, it follows that there should be vi­
sual field asymmetries between groups of subjects in different mood 
states in regards to their ratings of affective stimuli. Indeed, this has 
been found. When asked to report degree of happiness in response to 
facial expressions (happy, sad, and neutral), depressed subjects 
reported more happiness in response to LVF-RH presentations
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compared to right, whereas non-depressed subjects showed the 
opposite pattern (Davidson. Schaffer. & Saron. 1985). In other words, 
subjects were reporting more happiness when stimuli were presented to 
their relatively active hemisphere. This is in direct conflict with the 
valence hypothesis. The valence hypothesis would predict that 
hemispheric biases would always project on to the stimuli, regardless of 
activation. Therefore, it appears that there is more to valence ratings 
than an inherent hemispheric bias. One must consider the contribution 
of overall cerebral activity, the sum of arousal, valence, and information 
processing.
One possible explanation for the seemingly conclusive evidence 
m favor of the valence hypothesis is problems with the methodology 
utilized in research. Namely, unilateral tachistoscopic presentation may 
not be sensitive to the subtle effects of overall cerebral activity. An 
additional problem is failure to control for mood. For example, in the 
study above (Davidson, Schaffer, & Saron. 1985), one explanation for 
the non-significant results in the non-depressed group is that some 
persons in the non-depressed group may have been in a neutral mood, 
while others were in a more or less positive mood. Although the Beck 
Depression Inventory State Form was given, subjects were grouped 
based on a depressed/non-depressed dichotomy. It may be more useful 
to either add another group to this division or to utilize mood as a 
continuous variable. Based on the heterogeneous results obtained from 
control groups as the one mentioned above, it is possible that a separate
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pattern of activation for the neutral mood exists. Throughout the literature 
on cerebral organization and activation in regards to emotion, little effort 
has been taken to assess mood state at the time of testing. This could 
account for results that are robust for depressed persons but not 
controls. In addition, individual differences in characteristic hemispheric 
activation may play an integral role in how one experiences emotion. 
However, few researchers have attempted to examine this possibility.
We will be addressing this issue in the present study.
In the present study, we will be addressing the methodological is­
sues mentioned above. We will be examining the effects of cerebral 
organization and subjects' mood on their ratings of facial stimuli. It is 
Known that we can selectively and momentarily activate a hemisphere 
by presenting stimuli to that hemisphere (Moscovitch, 1979). If a 
specific hemisphere is activated, this will lead to information processing 
consistent with that hemisphere (e.g. if one activates the left hemisphere, 
analytic strategies will be called forth, for right hemisphere activation, 
holistic strategies will be called forth). It follows that if we activate the 
right frontal lobe by unilaterally presenting it with emotional stimuli, these 
stimuli may be rated as more negative. There are two possible 
explanations for this phenomenon. The valence hypothesis would 
explain the negative rating as a result of the inherent negative bias of the 
right frontal lobe. The integrative model would explain the negative 
rating as a result of the stimulation of a pattern of brain activation that 
produces the experience of negativity, which projects onto the stimuli.
Cerebral Oraamzatton and Mood
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To discriminate between these hypotheses, different faces will be 
presented to each hemifield at the same time (bilateral trial), and subjects 
will be asked to rate the faces on their iikability. If each hemisphere has 
an inherent bias, then faces to the RVF-LH will be rated as more positive 
whereas faces to the LVF-RH will be rated more negative If, however, 
previous results are due to the fact that just one visual field had been 
stimulated thus generating an activation pattern that produced an 
emotional state, bilateral presentations of faces should not be rated 
differentially as a function of which hemisphere perceives them. This is 
because by activating both hemispheres, we would be producing two 
different patterns that would cancel each other out, which should be 
exhibited in equal ratings of the faces presented As a control, we will 
also have unilateral trials in which one face will appear in either the RVF 
or LVF. On the unilateral trials, the RVF-LH trials should be rated as 
more positive than the LVF-RH trials, no matter which hypothesis is 
correct.




Subjects were 36 students (18 females. 18 male) enrolled in an 
introductory psychology course at the University ot Illinois. Participants 
ranged from 18.1 to 25.0 years of age. Subjects were right-handed as 
assessed using a five item quest "nnaire.
Pre-Testmq
To asses participants' mood, the Positive and Negative Affect 
Schedule (PANAS) (Watson, Clark. & Tellegen. 1988) was given when 
the student arrived. The PANAS was given a second time following 
computer mediated testing to ensure that the experimental task did not 
affect mood.
Stimuli
The stimuli consisted ot a set of 84 schematic faces generated by 
the MAC-A-MUG computer program. All faces had been previously 
rated for likability by independent judges. Twelve were used for practice 
trials leaving seventy-two to be used during experimental testing. 
Computer-Based Testing
Subjects were seated 57 centimeters from a Macintosh llci moni­
tor. In order to ensure that this distance remained constant throughout 
the experiment, subjects were asked to place their chins on a chin rest.
Next, subjects read a set of instructions that appeared on the com­
puter screen, followed by twelve practice trials.
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The experiment consisted of two tachistoscopically presented trial 
types bilateral and unilateral. For both trial types there was a center 
fixation box that appeared throughout the trial Jubjects were asked to 
fixate upon this box for the duration of each trial. The bilateral trials con­
sisted of two different faces, one to each side of the center of the screen, 
as well as a symbol in the center fixation box. The unilateral trials con­
sisted of one face presented either to the right or left of fixation, and a 
symbol in the center fixation box, For both trial types, the distance from 
fixation to the center of each face was three centimeters, which is 
equivalent to three degrees of visual angle. The order of right unilateral, 
left unilateral, and bilateral trials was randomized within each trial type 
and for pre-field.
There were 36 bilateral trials consisting of 18 pairs of faces. Each 
pair consisted of two faces matched for likability. Every pair of faces 
was presented twice to ensure that each face appeared once in both 
visual fields. For the bilateral trials, faces appeared on the screen for 
100 milliseconds (msec.).
There were 72 unilateral trials consisting of 36 different faces. Of 
these 36 faces, half appeared in the right visual field first (group A) and 
half appeared in the left visual field first (group B). The faces m group A 
and group B were matched for likability. In addition, the faces in the uni 
lateral trials and the bilateral trials were matched for likability. For the 
unilateral trials, each face appeared on the screen for SO msec
2 N
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To begin a trial, subjects pushed the zero on the number pad. 
After each trial, subjects were asked to rate the face or faces that ap­
peared in that trial based on a scale that appeared on the screen. The 
scale consisted of a straight vertical line with the numbers from one to 
seven printed along the side. Next to the one. the word Dislike" ap­
peared Next to the seven, the word ''Like" appeared. Using the number 
pad, subjects typed in the number that most accurately reflected the de­
gree to which they liked each face.
For the unilateral trials, a scale appeared either to the right or to 
the left of fixation, depending on the visual field in which the face had 
appeared For the bilateral trials, two scales appeared on the screen; 
one to the right, to rate the face on the right and one to the left, to rate 
the face on the left. However, the two scales appeared one at a time.
For half of the subjects, the scale to rate the face on the right appeared 
first. For the other half, the scale to rate the face on the left appeared 
first. After rating the face(s) that had appeared during each trial, 
subjects were asked to identify the symbol that had appeared in the 
center fixation box by pointing to the appropriate symbol on a sheet of 
paper attached to the bottom of the monitor.
Upon completion of the task, subjects were asked to complete the 
Chimeric Faces Task (Levy, Heller, Banich & Burton, 1983b), believed 
to measure individual differences in characteristic hemispheric arousal. 
We were interested in the extent to which an individual’s hemispheric 
activity would influence how one experiences emotion. In addition, a
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variety of other tests were administered which will not be reported in this 
paper.




On the basis of subjects scores on the Chimeric Faces Task 
(CFT). subjects were classified into two groups. The original sample 
upon which the CFT was standardized, consisted of 111 right handers. 
The authors utilized a scoring procedure of right choices- left choices/36 
(M=-.303. SD= .440) (Levy. Heller, Banich. & Burton. 1983b). Given the 
limited sample size of the current study. 303 was used as an estimate of 
the population mean. Subjects scoring less than -.303 were considered 
to have greater than average right hemispheric activity as implied by 
their greater than average left hemispace bias. Subjects whose score 
was greater than -.303 were considered to have greater than average 
left hemispheric activity as implied by their greater than average right 
hemispace bias. Based on this procedure the group reflecting greater 
than average right hemispheric activity (RH group) contained 18 
subjects (9 males and 9 females) and the group reflecting greater than 
average left hemispheric activity (LH group) contained 14 subjects (7 
male, 7 female). The mean of the RH group was -.802 (SD= .208). and 
the mean of the LH group was .202 (SD* .468).
Computer Mediated Testing
All trials in which the subject did not correctly identify the symbol 
that had appeared in the center fixation box were not included in the 
following analyses. For each trial type (unilateral right visual field- 
URVF unilateral left visual fieid-ULVF bilateral right visual field-BRVF
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bilateral left visual field-BLVF) a mean rating was computed for every 
sub/jct. Means and standard deviations for each trial type are reported 
in table 1.
Because of our small sample size, we performed a repeated 
measures analysis of variance (ANOVA) with VISUAL FIELD (RVF or 
LVF) and TRIAL TYPE (unilateral or bilateral) as within subjects 
variables collapsed across GENDER and CFT group. Tiiis analysis 
was designed to test our hypothesis that faces presented during 
unilateral trials (UNI) would be liked differentially (e g URVF trials would 
be rated as more positive than ULVF trials), whereas the faces 
presented during a bilateral trial (Bl) would be liked the same, regardless 
of the visual field of presentation. There was a non-significant 
interaction between VISUAL FIELD and TRIAL TYPE (F[1.31]=1.186, 
p=.2844. (see figure 3). However, this trend was m the direction 
opposite of that which was predicted. Namely, unilateral trials were 
rated equally (URVF M=3.3440, ULVF M=3.3514), whereas bilateral 
trials were rated differentially (BRVF M=3.4861. BI-LVF M= 3.3551).
To examine the effects that gender and CFT group had on the 
above interaction, we performed a repeated measures ANOVA with 
CFT Group (RH or LH) and GENDER as between subject variables and 
VISUAL FIELD and TRIAL TYPE as within subjects variables. There 
were no main effects for VISUAL FIELD or TRIAL TYPE, nor was there a 
significant interaction between the two. However there were significant 
interactions between GENDER and VISUAL FIELD (F[1,28]«7.713,
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9< om and GENDER and TRIAL TYPE (F[ 1 ?8]=5.902. p. 05;
However, none of the simple effects were significant There was also a 
s qnjficant •nteract'On between GENDER. CFT. VISUAL RELD and 
1 RIAL TVpE (Fj 1 ,28]=4.9/7 .05). To exam ne this four way
intifaction, we performed a repeated measures ANOVA separately for 
males and females, with CFT group as a between subjects variable and 
VISUAL FIELD and TRIAL TYPF as within subjects variables For 
females, them was a main effect for TRIAL TYPE >F[ 1 14]=5.412, p* .05). 
Post-hoc Neuman-Keuls tests revealed that females preferred b lateral 
trials 0v» r unilateral trials (Bl M=3 5213. UNI M=3.3077, p  ^ 05). Fr 
males, there was a mam effect tor V<SUAL FIELD (F[ 1,14]-7.039, 
p<.05). Post-hoc Neuman-Keuts tests revealed that males preferred RVF 
presentation over LVF presentation (RVF Vl=3 4758. LVF M=3.2233. 
p< 05). There was also a trend toward an interaction between CFT. 
VISUAL FIELD, and TRIAL TVPE (F[ 1.14] =4.361. p~ 0555). For LH 
males, this interaction was in the direction predicted Namely, faces 
appearing during bilateral trials were rated equally (BRVF M-3,1106. 
BLVF M=3.1495), whereas faces appearing during unilateral trials were 
rated differentially (URVF M=3.3886. ULVF M=3.1839). The pattern for 
RH males was in the direction opposite of that predicted (see figure 4). 
M&OJd
The PANAS was scored in the following way. The scores for the 
10 items reflecting positive affect were summed yielding the positive af­
fect score (PA) (M=29. SD*6). The scores for the 10 items reflecting
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negativite affect were scored yielding the negative affect score (NA) 
(M=15. SD=5). The above subscales were scored for both pre-(PRE) 
and post-(POST) test.
Subject,, Pre-test., aod-PosHtt st, Maud Data
To examine the effects of the computer-mediated testing on moocl. 
we performed a repeated measures ANOVA with GENDER and CFT as 
between subjects variables and TEST TIME (PRE and POST) and 
PANAS scores (PA and NA) as within subjects variables. There was a 
significant interaction between TEST TIME and PANAS 
(F[1.28]=13.326, p<.01) An analysis of the simple effects revealed that 
PA scores decreased significantly from PRE to POST (F[ 1.28]=38 593. 
p<.01), whereas there was no significant change in NA.
Effects of Mood on Subjects' Ratings of Facial Stimuli
To examine the effects of mood on subjects' ratings of the facial 
stimuli, we created two new variables. BDIF and UDIF. BDIF is equal to 
each subjects' mean rating of BFtVF faces minus their mean rating of 
BLVF faces ( BRVF-BLVF). UDIF is equal to each subjects' mean rating 
of URVF faces minus their mean rating of ULVF faces (URVF-ULVF). 
These scores reflect hemispheric asymmetries, with larger scores 
indicative of higher (more positive) ratings of faces presented in the RVF 
as compared to LVF presentations.
We then subjected both BDIF and UDIF to separate multiple re­
gression analyses. For both analyses, PA and NA (from the PANAS) 
served as independent variables and BDIF and UDIF were dependent
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variables. Neither analysis produced significant results (see table 2). 
Thus, neither Pa nor NA contributed to subjects' differer.jal rating of the 
facial stimuli based on visual field of presentation.
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Discussion
The foregong analyses confirmed our hypotheses that faces 
presented unilaterally would be rated differentially (i.e. URVF trials 
would be liked more than ULVF trials), whereas faces presented 
bilaterally would be rated equally, but only for the LH males. For ihe 
other three groups (RH males, LH females. RH females), the patterns 
were not in the direction predicted.
Interestingly, in many studies presenting stimuli unilaterally, RVF 
trials have been rated as more positive than LVF trials. Based on the 
model utilized in this study (Heller 1990), we expected to replicate this 
finding for the unilateral trials. Our study did replicate this finding, but 
only for the males.
These results strongly imply that variables such as gender and 
individual differences in characteristic hemispheric activation play an 
integral role in an individual's experience of emotion. This presents a 
problem for interpretation of past literature in that few researchers have 
controlled tor individual differences in characteristic hemispheric 
activation. Future research in this domain should divide subjects into 
groups based on gender and CFT score (reflecting RH and LH 
activation) in order to further delineate the effects these variables have 
on an individual's experience of emotion.
The results of this study suggested that subjects' mood at time of 
testing did not affect asymmetry of ratings of the facial stimuli. This 
implies that how one experiences emotions may be an enduring trait, as
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opposed to being subject to fluctuations in mood state. This issue is yet 
to be resolved and deserves further examination.
There are some methodological problems in our study that merit 
consideration. First of all, the stimuli used were schematic faces 
generated by a computer program. Since the faces were line drawings, 
it is possible that this may have affected the results. In addition, the 
program used to generate the stimuli was meant for use in the 
identification of criminal suspects. Because of this, the faces' mean 
ratings, as rated by independent judges, were quite negative. This 
could have created a pattern of activation in and of itself, which in turn, 
biased the results of the study. However, this is unlikely since it implies 
that faces presented in all trial types should be rated negatively, with 
ULVF and BLVF trials rated as even more negative. We did not find this 
pattern. An examination of the results revealed that ULVF. BLVF, and 
URVF trials were all rated as more negative than BRVF trials (see table 
1). Finally, all of the stimuli used were faces of males. This could have 
caused males and females to judge the faces based on different criteria. 
We have no way of examining this possibility in the present study, as 
only male stimuli were used Future research should utilize more 
ecologically valid stimuli that include both genders.
Cerebral Organization and Mood
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Table 1
URVF BRVF ULVF BLVF
Mean 3.344 3.486 3.351 3.355
Standard Deviation .7 .812 .629 .731
iM? i d .  5 ,  . i d  M-4 i d d l l i i d








Standard Error .020 .013
Standard Coefficient .135 .146
Tolerance .997 .997
T .733 .802
P (Two Tail) .469 .429
NA
Coefficient .008 *013
Standard Error .027 .018
Standard Coefficient .052  ^ ; *.134 ;; ;
Tolerance .997 .997
T .284 *.735
P (Two Tail) .779 .468
BDIF: Multiple R: 0.142. Squared Multiple R; 0.020. Adjusted Squared Multiple R:
0.000, Standard Error of Estimate: 0,701. UDIF: Multipie R: 0.204, Squared Multiple
R: 0.042. Adjusted Squared Multiple R: 0.000. Standard Enor of Estimate: 0.460.
f t
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Figure Captions
Figure 1. The pattern of cerebral activity that produces negative valence (relative 
right anterior activation), low arousal (relative right posterior hypoactivation) 
emotions.
Figure 2. The pattern of cerebral activity that produces positive valence ( relative left 
antenor activation), high arousal (relative right posterior activation) emotions.
Figure 3. The interaction between VISUAL FIELD (RVF v LVF) and TRIAL TYPE 
(unilateral v. bilateral). As shown by the graph, the pattern was in the direction 
opposite of that which was predicted, with faces presented bilaterally rated 
differentially by visual field of presentation (i.e. BRVF presentations were rated more 
positivly than BLVF presentations) and faces presented unilaterally rated equally 
regardless of visual field of presentation (URVF presentations were rated as equal to 
ULVF presentations).
Figure 4. A comparison of the interaction between VISUAL FIELD and TRIAL TYPE
for LH males and RH males. As indicated by the graph, the pattern for the LH males 
was In the direction predicted, with faces presented during unilateral trials ra ti#  
differentially according to visual field of presentation (i.e. URVF presentations were 
rated as more positive than ULVF presentations), whereas faces presented during 
bilateral trials were not rated d^rentiatlyaccording to visual field of presentation (i.e. 
BRVF presentations were rated as equal to BLVF presentations)
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